H ypertension is a major risk factor for heart failure (HF), preceding it in 75% of patients, and present in 60% to 89% of people with HF with preserved ejection fraction, perhaps representing the main causative factor.
the relationship between ECG-LVH, blood pressure (BP) lowering, and incident HF, noting the superiority of chlorthalidone for BP control and reducing HF incidence. Strengths of this report include a large, diverse cohort, and well-validated techniques. It comprised 29 892 subjects with hypertension, including 32% blacks, randomized to chlorthalidone, doxazosin, amlodipine, or lisinopril. Blinded reviewers determined ECG-LVH using the Minnesota code classification, Cornell voltage, Cornell product, Sokolow-Lyon, sum of 12 leads, and 12 leads product; serial changes were identified by a computer algorithm and confirmed visually. Inclusion of multiple ECG criteria probably increased the sensitivity. A potential limitation is that echo-LVH, despite its prognostic implications, was not used for follow-up. Interestingly, a U-shaped association of BP lowering and HF was observed, and evolving ECG-LVH and BP change per se only explained 4% to 13% of HF prevention, suggesting that factors beyond these elements were behind the beneficial chlorthalidone effects.
Considering that ECG-LVH changes did not explain most of the chlorthalidone benefits preventing HF, an essential question is whether ECG-LVH retains its utility as a risk marker or is now obsolete. First of all, ECG-LVH has limited sensitivity, particularly among obese patients, 4 and decreased specificity, especially in some racial/ethnic groups, as in blacks, displaying increased voltage. 5 Nonetheless, ECG-LVH may unmask an abnormal electrophysiological substrate, associated with mortality and incident HF. In ALLHAT, chlorthalidone, amlodipine, and lisinopril were associated with similar small reductions in mean Cornell voltage, indicating that risk reductions with chlorthalidone cannot be attributed to improvement in ECG-LVH. 6 However, a subsequent analysis found that ECG-LVH was associated with 29% to 98% increased risk of all-cause mortality, myocardial infarction, coronary heart disease, stroke, and HF. 7 Similarly, in the LIFE (Losartan Intervention for Endpoint Reduction) study of hypertensive individuals with ECG-LVH, Cornell product and Sokolow-Lyon criteria separately predicted increased cardiovascular risk. A post-hoc analysis revealed that ECG-LVH by both criteria was associated with >3-fold
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increased risk of myocardial infarction, stroke, cardiovascular mortality, and all-cause mortality, suggesting that combining criteria concentrates the risk. 8 Echocardiography has higher sensitivity than ECG in identifying LVH. Currently, LVM evaluation has moved from M-mode to 2D-ECG because of easier acquisition and lower variability. Noted drawbacks, though, are the need for adequate windows and dependence on geometrical assumptions. Real-time 3D-imaging is more reliable, although dependent on equipment availability and image quality.
CMR offers several advantages, including obtaining precise measurements without geometric assumptions. In 1 analysis including 4748 participants from MESA (Multi-Ethnic Study of Atherosclerosis), CMR-and ECG-LVH were present in 10.5% and 6.7%, respectively. ECG-LVH alone was predictive of CVD events, but LVH on both ECG and CMR had the strongest link. 9 Furthermore, in another analysis from the same cohort, both ECG-LVH and CMR-LVH were predictive of HF, and CMR-LVH improved the predictive ability of a model similar to the Framingham Heart Failure Risk Score. 10 Therefore, ECG-LVH and imaging-LVH are different entities with common underlying pathophysiology, but independent prognostic value, supported by a genome-wide linkage analysis in families with hypertension revealing stronger genetic signals for ECG-LVH than echo-LVH. 11 Potentially, an abnormal electrical substrate eventually translates in factors that may determine subsequent HF: increased myocardial tension, neurohumoral/biochemical changes, slowed conduction, and altered ventricular activation with regional wall motion abnormalities. Based on the preponderance of the evidence, modern clinicians should not abandon ECG-LVH as an outcome prediction tool, despite displaying modest accuracy diagnosing anatomic-LVH. Only validated criteria should be used and, although no single measurement can be recommended, combination of these has been shown to increase sensitivity. Going forward, use of criteria incorporating repolarization abnormalities should be encouraged, like the Romhilt-Estes score or the Framingham score, indicating higher risk for incident CVD than assessment based solely on increased QRS amplitudes. Likewise, other variables (eg, P-wave indexes) may help clarify the discrepancy between ECG-LVH and imaging-LVH. In addition, optimal evaluation should be adjusted for factors known to alter accuracy (sex, race, body habitus), and the diagnosis of LVH in the presence of left bundle branch block should be made with caution. 12 It is important to contemplate how these key concepts affect practicing clinicians. The current American College of Cardiology/American Heart Association guideline for management of hypertension recommends a target BP of <130/ 80 mm Hg for those at increased risk or with HF. 1 Also, based on conclusions from ALLHAT, 3 thiazide-type diuretics are recommended as first-line agents. 1 Nevertheless, if thiazide-type diuretics are to be considered superior to reduce, specifically, new-onset HF, the question to be addressed is whether this is indeed a class quality. The mechanism by which chlorthalidone lowers BP is obscure, but likely related to extracellular fluid contraction, followed by inhibition of carbonic anhydrase leading to vasodilation; additionally, chlorthalidone reduces pulse-wave velocity, a measure of aortic stiffness and marker of cardiovascular events. 13 On the other hand, hydrochlorothiazide is undoubtedly the most widely used thiazide for hypertension, often perceived as a safer option for metabolic derangements. Despite lack of head-to-head trials, a systematic review found a 23% risk reduction in HF for chlorthalidone versus hydrochlorothiazide, and 21% reduction in CVD events.
14 Moreover, indapamide, also underutilized, appears to share some of the superior effectiveness for BP reduction and CVD outcome reduction compared with hydrochlorothiazide. 15 Additionally, LVM is associated with body size, tobacco use, and diabetes mellitus, 1 with LVH being highly prevalent among diabetics, even normotensive individuals. Future considerations for approaching LVH may include the sodium-glucose cotransporter-2 inhibitors, 16 since empagliflozin use in diabetics with atherosclerotic CVD demonstrated an impressive 38% and 35% reduction in cardiovascular mortality and HF hospitalization, respectively. 17 Although the mechanisms behind these striking results remain unclear, 1 proposed pathway is regression of LVH through reduction in preload, afterload, and weight. An ongoing study seeks to explore this, examining changes in LVM by CMR in diabetics with LVH randomized to dapagliflozin versus placebo. 16 Notably, both ECG-LVH and anatomical LVH are tied to increased CVD risk; hence, prevention and treatment of either form is expected to have a positive impact. A substudy from LIFE demonstrated that regression of LVH by Cornell product, Sokolow-Lyon voltage, or ECG strain during antihypertensive treatment was associated with better prognosis, independent of traditional risk factors and BP reduction. 18 For curtailing the persistent morbidity and mortality because of uncontrolled hypertension, the most prevalent and potent CVD risk factor, some questions related to LVH determination remain unanswered. Future research should help clarify whether beyond ECG-LVH measurements, screening for LVH with echocardiogram, or even CMR, in patients with hypertension is useful, how we can adjust for factors that affect accuracy, and what is the best way and time to follow up and approach these patients therapeutically.
